In invertebrates there are other guanidino phosphotransferases like arginine kinase, but their relationship to creatine kinase is not well understood.
INTRODUCTION Creatine kinases (EC 2.7.3.2) play an important role in the energy metabolism of vertebrates (1) and of invertebrates (2).
In invertebrates there are other guanidino phosphotransferases like arginine kinase, but their relationship to creatine kinase is not well understood.
In chicken as in most other higher vertebrates three different types of subunits of creatine kinase (CK) are known which are expressed in a tissue specific manner. B-CK occurs in adult brain, smooth muscle, heart and several other tissues and is also present in embryonic cells (3) . M-CK, however, is accumulated in significant amounts in adult skeletal muscle of chicken, but contrary to mammalian heart in chicken heart no M-CK and only B-CK can be found. The third type of CK, the mitochondrial subunit Mi-CK, appears to be confined to mitochondria of cells that either express B-CK or M-CK. Between the mitochondrial compartment and the cytosolic space a creatine phosphate shuttle has been postulated (1,2).
B-CK and M-CK subunits form homodimeric isoenzymes MM-CK and BB-CK as well as heterodimeric MB-CK, however both are incapable of dimerizing with the mitochondrial subunit. The molecular weight of the CK subunits were estimated to be around 40,000. M-CK has a more basic isoelectric point than B-CK and both homodimeric isoenzymes give rise to double spots when subjected to denaturing two dimensional gel electrophoresis (4) . Alkylation of CK results in loss of enzymatic activity (5) and cysteine 283, embedded in a known 25 amino acid peptide (6) , is most easily modified.
Rabbit antibodies against chicken creatine kinases were shown not to crossreact with heterologous native CK or CK from other species. If however the antigens were partially or completely denatured crossreaction was observed (7) .
During development of muscle a switch from B-CK in embryonic tissue to M-CK in differentiated muscle can be observed. The isoenzyme transition can also be followed in differentiating cultures of myogenic cells (8,9,10,11,12) but does not go to completion for reasons not yet known.
We have recently reported the complete amino acid sequence of M-CK (13) and present here the nucleotide and complete amino acid sequence for chicken B-CK. B-CK clones were isolated by screening a cDNA expression library made from gizzard RNA with antibody against chicken BB-CK. Identification was done independently from sequence analysis by translation of RNA generated in vitro from a full length cDNA clone and subsequent characterization of the B-CK product. The observation of heterogeneity of other independent clones within the coding portion, as well as in untranslated regions, indicates the existence of multiple B-CK mRNAs. positive, homogeneous phages: lla, 13a, 18b, 18c and 18e, which were further analyzed. P-galactosidase fusion proteins from phages 13a and 18c were analysed on SDS-polyacrylamide gels, subsequently blotted onto nitrocellulose and were shown to react specifically with antibodies against BB-CK (data not shown).
MATERIAL AND METHODS

RESULTS
Construction
In order to determine whether the complete sequence of the putative B-CK cDNA were represented in the recombinant phages, DNA was prepared and digested with the restriction enzyme EcoRl , releasing the inserts. The digested DNA fragments were resolved by agarose gel electrophoresis and the insert sizes were determined and are listed in Table 1 .
These inserts were subcloned into M13 mp8 and preliminary sequence analysis showed that the cloned cDNA inserts of lla, 13a, 18b and 18e had a poly(A) tract as expected since cDNA synthesis was primed with oligo d(T). Clone 18c however did not display a poly(A) tract, but demonstrated a sequence overlap at its 3 1 end with the 5 1 most part of 18e and 18b. The clones 13a, 18b, 18c and 18e were partially sequenced and preliminary amino acid data all displayed a rather striking similarity with the already published M-CK amino acid sequences. The translated amino acid sequence derived from the DNA sequence of clone lla however did not fit this pattern and therefore may represent a false positive clone. Further analysis of clone 18c showed no start codon in an appropriate position although the combined sequences of 18b or 18e and 18c would cover the entire putative B-CK cDNA.
Isolation of a clone containing the almost full length cDNA for chicken B-CK
In order to obtain a full length cDNA for B-CK the gizzard cDNA library was rescreened using the inserted cDNA from clone 18c as a hybridization probe. About 7x10 recombinant phages were rescreened and 7 positive phages could be identified. The phages HI, H4, H8, H10 and H52 were purified to homogeneity, DNA was prepared, digested with EcoRl and the insert sizes were determi ned. As shown in Table 1 insert sizes varied from 517 bp to 1400 bp and again all but H8 carried poly(A) tracts. It is likely that the longest insert from H4 represents a full length cDNA. RNA blot hybridization To further characterize these clones they were used in RNA hybridization experiments that allow estimation of the size of mature mRNA. At the same time the tissue specific expression was investigated since it is known that B-CK is accumulated in significant amounts in gizzard, brain and heart. No anti B-CK reacting material could be found in adult skeletal muscle (7) 
Samples of poly(A)
+ RNA (1 ug per lane) from several tissues of 19-20 day old chicken embryos were denatured and run on a 1.2 % agarose gel, blotted onto nitrocellulose and hybridized to Plabeled plasmid DNA containing the B-CK cDNA sequence from clone H4. Lane 1: RNA isolated from brain; 2: heart; 3: breast muscle; 4: gizzard and 5: leg muscle. The size of the hybridizing band was estimated to be about 1600 bp. Exposure was for 15 hrs. resulting product. To this end the H4 insert DNA was subcloned into the plasmid pSP65 and this DNA was then used as template for the SP6-specific RNA polymerase, generating homogeneous sense-strand transcripts. These were then assayed in a cell free in vitro translation system derived from rabbit reticulocytes and the product was identified by immunoprecipitation and subsequent SDS gel electrophoresis as shown in Figure 2 CCaagccggagtggagccctcgtgactgctgtagggacegccATCCCCTTCTCAAACAGCCACAACCTCCTGAAGATGAAGTACTCCGTTGACGATGAGT  110  120  130  140  150  160  170  180  190 ACCCCGACCTGAGCGTGCACAACAATCACATGGCCAAGGTGCTGACCCTGGACCTGTACAAGAAGTTGAGGGACAGGCAGACTTCCAGTGGATTTACGCT  210  220  230  240  250  260  270  280  290 codes for B-CK sequences and contains all the coding information for the complete B-CK subunit. Sequence analysis The B-CK cDNA was now sequenced to fully characterize its nucleotide sequence and also to derive the until today unknown amino acid sequence of a chicken B-CK subunit. Various cDNAs and fragments thereof were subcloned into the phages M13 mp8 or M13 mp9 finally used as templates in dideoxy sequencing reactions. Both strands of almost all regions were sequenced at least once. The nucleotide sequence in H4 from positions 633-653 reads TGTTTCTCCTCTTCTGTTGGC. The corresponding nucleotides in the partial cDNA clones 18b,e read GGTCTGTGCTCATCAGTTGGJ. Thus within a stretch of 21 nucleotides seven changes (underlined) occur. It is unlikely that this deviation has arisen due to a cloning artefact since most of the nucleotides are still conserved and the reading frame for the derived amino acid sequence is maintained. This heterogeneity however has striking consequences for the amino acid sequences. While in H4 DNA the peptide sequence is VSPLLLA it becomes in 18b,e VCAHQLV, therefore five out of seven residues are changed.
S M S B H L L K H I C I S V D D E r
P D L S V H H N H M A K V L T L D L Y K K L R D R Q T S S G F T L
D D V I O T G V D N P G B P F I H T V G C V A G D E E S T E V F
S-7-I-F H-6-N-P-B-L-G-S-I-L-T (Q) P-S-S-CTGTACAGGGCTAACACAGATAGAAACTCTCTTCAAGTCCAAJIAACTACGAGTTCATGTGGAACCCACACTTGGGCTACATCCTGACCTGCCCATCCAAC
Furthermore, at position 957 a C is inserted in clones 18b,e instead of a T in the H4 DNA with no consequences for the amino acid sequence. CK (11,21) . The calculated Mr difference however cannot account for the observed difference in electrophoretic mobility since it is too small and in the wrong sense. It seems therefore that the differences in charge and secondary structure are more likely responsible for these phenomena than the differences in molecular weight.
B-CK typical sequence elements have been cbtained by comparing of 6 muscle specific CK sequences with 3 B-CK sequences and will be discussed elsewhere (26).
The cloned fragments for B-CK showed heterogeneity at both the nucleotide level as well as within the derived amino acid sequences. The pentanucleotide missing in the 3 1 end of some clones may indicate termination of transcription of a B-CK gene at more than one site, heterogeneity in the 3 1 end processing or that the cDNA clones were derived from transcripts of more than one B-CK gene. One of the inhomogeneities discovered in the coding portion of clones 18b,e gives rise to an alternative peptide sequence. This indicates that amino acid sequences should be derived if possible from a full length cDNA clone, since combination of several independent clones or primer extensions may give rise to sequences not existing in nature. The amino acid replacements resulting from the nucleotide sequence heterogeneity would probably give rise to a B-CK subunit with a different isoelectric point. Indeed BB-CK from gizzard, heart, brain and myogenic cell cultures could be separated into two species with identical apparent molecular weights but different isoelectric points. In vitro translated poly(A) RNA also gave rise to two spots comigrating on two-dimensional gels with the purified B-CK (4), therefore the two types of B-CK subunits might be due to the existence of two B-CK mRNA species. The detection of the two heterogeneous B-CK coding sequences among the B-CK cDNA clones described above supports this hypothesis. The two mRNAs might arise by transcription of two different B-CK genes or by alternative processing of transcripts derived from a unique gene. Genomic B-CK sequences were isolated and determination of their organization and elucidation of their regulation will help to answer the remaining questions.
